We present time-series observations of Population II Cepheids in the Large Magellanic Cloud at near-infrared (JHK s ) wavelengths. Our sample consists of 81 variables with accurate periods and optical (V I) magnitudes from the OGLE survey, covering various subtypes of pulsators (BL Herculis, W Virginis and RV Tauri). We generate light curve templates using high-quality I-band data in the LMC from OGLE and K s -band data in the Galactic Bulge from VVV and use them to obtain robust mean magnitudes. We derive Period-Luminosity (P-L) relations in the near-infrared and Period-Wesenheit (P-W) relations by combining optical and near-infrared data. Our P-L and P-W relations are consistent with published work when excluding long-period RV Tauris. We find that Pop II Cepheids and RR Lyraes follow the same P-L relations in the LMC. Therefore, we use trigonometric parallax from the Gaia DR1 for VY Pyx and the Hubble Space Telescope parallaxes for k Pav and 5 RR Lyrae variables to obtain an absolute calibration of the Galactic K s -band P-L relation, resulting in a distance modulus to the LMC of µ LMC = 18.54 ± 0.08 mag. We update the mean magnitudes of Pop II Cepheids in Galactic globular clusters using our light curve templates and obtain distance estimates to those systems, anchored to a precise late-type eclipsing binary distance to the LMC. We find the distances to these globular clusters based on Pop II Cepheids are consistent (within 2σ) with estimates based on the M V − [Fe/H] relation for horizontal branch stars.
INTRODUCTION
Classical Cepheid variables are Population I stars used as standard candles for the extragalactic distance scale, thanks to their high luminosities and a well-defined Period-Luminosity relation (PLR) (the "Leavitt Law", Leavitt & Pickering 1912) . They are the primary distance indicator used in the most accurate and precise determination of the Hubble constant to date (Riess et al. 2016) . Type II Cepheids (hereafter, T2Cs) are low-mass, Pop II stars which can be found in globular clusters, disk, bulge and halo environments (Wallerstein 2002; Sandage & Tammann 2006 ). Classical and T2Cs follow different PLRs, with the latter more than a magnitude fainter than the former at similar periods. T2Cs are further classified based on their periods as BL Herculis (BLH, 1 P 4 d), W Virginis (WVI 1 , 4 P 20 d) and RV Tauri (RVT, P 20 d). The classification of RVT is often ambiguous because they show irregular light curves, but they are considered a subtype of T2Cs (Sandage & Tammann 2006; Feast et al. 2008) . Soszyński et al. (2008) suggested another subtype, peculiar W Virginis (PWV, 4 P 10 d), with distinct light curves that are mostly brighter and bluer than WVI.
The PLRs of T2Cs at optical bands have been studied extensively (Nemec et al. 1994; Alcock et al. 1998; Kubiak & Udalski 2003; Majaess et al. 2009; Schmidt et al. 2009 , and references therein). These relations exhibit possible non-linearities, which coupled with fainter absolute magnitudes (relative to Classical Cepheids) limits their use as potential distance indicators. The third phase of the Optical Gravitational Lensing Experiment (OGLE-III) presented optical light curves and PLRs for T2Cs in the Galactic Bulge and the Magellanic Clouds (MCs) in Soszyński et al. (2008 Soszyński et al. ( , 2010 Soszyński et al. ( , 2011 . They found that Bulge T2Cs are dominated by short-period BLH stars which are more luminous than their counterparts in the Clouds, and that LMC RVT stars lie above the PLR followed by the shorter-period classes. Theoretical studies of T2Cs based on pulsating models and evolutionary calculations by Bono et al. (1997) found that their masses decrease with increasing period and they follow a PeriodLuminosity-Amplitude relation in the B band.
Over the past decade, the increased availability of large-format and higher-quality near-infrared (hereafter, NIR) detectors has made it possible to study increasingly larger samples of Cepheids at longer wavelengths where PLRs are less sensitive to extinction and metal-licity (Madore & Freedman 1991) . Matsunaga et al. (2006 Matsunaga et al. ( , 2009 Matsunaga et al. ( , 2011 derived NIR PLRs for T2Cs in Galactic globular clusters (GGCs) and the MCs. The authors found evidence for different slopes in the PLRs of each system as well as a varying frequency of each subtype. Feast et al. (2008) ; Groenewegen et al. (2008) ; Ciechanowska et al. (2010) discussed the application of NIR PLRs of T2Cs and Groenewegen et al. (2008) estimated a distance to the Galactic Center of R 0 = 7.94 ± 0.37 kpc using these variables. Recently, Ripepi et al. (2015) presented JK s observations of T2Cs in the MCs from the VMC survey (Cioni et al. 2011) and derived a variety of P-L, Period-Luminosity-Color (PLC) and Period-Wesenheit relations (PWR).
This paper is the fourth in a series of articles based on observations obtained by the Large Magellanic Cloud Near-infrared Synoptic Survey (LMCNISS, Macri et al. 2015 , hereafter, Paper I). Paper I presented survey details and the absolute calibration of NIR PLRs for Classical Cepheids. Bhardwaj et al. (2016b,a, hereafter, Papers II and III) derived PWRs for Classical Cepheids, studied possible non-linearities in the Leavitt Laws and estimated Cepheid-based distances to Local Group galaxies. In this paper we focus on the NIR observations of T2Cs and their corresponding relations.
The rest of the paper is structured as follows: §2 describes the observations, data reduction and photometry of T2Cs; §3 discusses the variation of light-curve parameters as a function of period and wavelength and the construction of templates; §4 contains the derivation of NIR PLRs and PWRs, a comparison to published work, and an estimate of the distance to the LMC; §5 presents template fits to observations of T2Cs in Galactic globular clusters and the resulting distance estimates; §6 summarizes our results.
2. THE DATA Macri et al. (2015, Paper I) carried out a time-series survey of 18 sq. deg. in the central region of the LMC at JHK s wavelengths using the 1.5-m telescope at the Cerro Tololo Interamerican Observatory and the CPA-PIR camera. Observations were carried out in queue mode by the SMARTS consortium during 32 nights from Nov 2006 to Nov 2007. The survey products include measurements for more than 3.5 × 10 6 sources, including ∼ 1500 Classical Cepheids. Interested readers should refer to Paper I for details of the data reduction, time-series photometry, magnitude calibration and artificial star simulations used to derive crowding corrections. Given the fainter nature of T2Cs, their crowding corrections were more significant than those of Classical Cepheids and ranged from 0.001 mag to 0.10, 0.08 and 0.27 mag in JHK s , respectively. We cross-matched the LMCNISS catalog against OGLE-III (Soszyński et al. 2008) and identified 81 T2Cs with periods ranging from 1 to 68 d; 70 of these have JHK s measurements while the remaining 11 only have data in J and/or H-band. The sample consists of 16 BLH, 31 WVI, 12 PWV and 22 RVT stars. The NIR times-series photometry for these objects are presented in Table 1 . We adopt the period (P ), time of maximum brightness in I-band (T I,max ) and optical (V I) mean magnitudes from OGLE-III.
LIGHT CURVE ANALYSIS
We compiled multi-wavelength data available in the literature in order to study the variation in T2C light curve structure as a function of period and bandpass. The sources used were: optical photometry from OGLE-III for 203 objects in the LMC (Soszyński et al. 2008) and 357 variables in the Bulge , NIR light curves of 46 stars in Galactic globular clusters (Matsunaga et al. 2006 ), and K s -band light curves of 130 variables in the LMC (Ripepi et al. 2015) . We Amplitudes at various wavelengths for Type II Cepheids in the Galactic Bulge (GB, Soszyński et al. 2011; Minniti et al. 2010) , Galactic globular clusters (GGC, Matsunaga et al. 2006 ) and the LMC (Soszyński et al. 2008; Ripepi et al. 2015) . "TW" represents the amplitudes for T2Cs in the LMC based on our observations. also cross-matched the OGLE-III catalog of Bulge T2Cs against the latest catalog (DR4, Hempel et al. , in prep.) from the VVV survey (Minniti et al. 2010) . We obtained ∼ 225 good quality light curves with an average of 50 epochs in the K s -band, which were used in the analysis presented below. Details regarding the cross-match, selection criteria, photometry and other properties will be presented in a separate study (Bhardwaj et al. , in prep.) .
We fit each IJHK s light curve with a fourth-order Fourier sine series, m = m 0 + 4 i=1 A i sin(2πφ + Φ i ) (Bhardwaj et al. 2015) , where m is the observed magnitude, A i is the amplitude of each term and φ rep-resents the corresponding phase. The series is kept to i ≤ 4 because the number of observations is small and most light curves have large gaps in phase. Fig. 1 shows the total amplitude of each variable in each band as a function of period. We also plot the amplitudes derived by Ripepi et al. (2015) for comparison. The amplitude increases as a function of period for WVI stars with periods 8-20 d, while it exhibits the opposite behavior for RVT variables. The I-band amplitudes are the best determined since those light curves are of much higher quality. The short-period BLH stars are fainter and the long-period RVT stars exhibit irregular light curves. Therefore, the amplitudes for these variables display a greater scatter as compared to WVI stars. A more detailed discussion on variation of light curve parameters as a function of period and wavelength for (Classical) Cepheids is presented in Bhardwaj et al. (2016c) .
Templates for Type II Cepheids
The NIR photometry of T2Cs available in the literature does not have sufficient phase coverage or photometric accuracy to construct light curve templates for these type of variables. For example, the light curves of T2Cs in the LMC currently available from the VMC survey have an average of 12 epochs in the K s -band, while the J-band photometry is limited to only a couple of epochs (Ripepi et al. 2015) . T2Cs in Galactic globular clusters have 9-40 observations per light curve but the sample is limited to 46 stars (Matsunaga et al. 2006 ). There are no other near-infrared time-series studies on T2Cs in the literature, thus, limiting the sample size and the phase coverage for each period range. Therefore, we use OGLE-III LMC I-band data for the purpose of constructing templates. We also use K s -band photometry from VVV to construct an alternative set of templates for comparison. Fig. 2 displays the I-band Fourier parameters for T2Cs in the LMC and Bulge. Note that the coefficients associated with the lower order Fourier amplitudes (R 21 and R 31 ) and phases (φ 21 and φ 31 ) contain most of the quantitative information about light curve structure (Simon & Lee 1981; Bhardwaj et al. 2016c ). The mean Fourier parameters exhibit similar variations as a function of period for both LMC and Bulge samples in the I-band. Therefore, it is reasonable to assume that the light curve structure in the K s -band is also similar for both populations, as metallicity effects are less pronounced at longer wavelengths. The final calibrator sample consists of 170 I-band and 225 K s -band light curves in the LMC and Bulge, respectively. We divide the I and K s -band light curves into 10 period bins as the mean Fourier parameters vary significantly as a function of this parameter. The period is the best observable to trace the changes in light curve structure because it is independent of the wavelength. The adopted period bins and the number of stars in each bin are listed in Table 2 . The number of stars per bin ranges from 8 to 69, with a significant fraction consisting of BLH stars having P 2 d. The median photometric uncertainty per bin is ∼ 0.01 and ∼ 0.1 mag for I and K s -band, respectively. Inno et al. (2015) recently derived near-infrared templates for Classical Cepheids and suggested that setting the zero phase of the light curves to the epoch of mean brightness would avoid problems in estimating precise maximum for bump Cepheid light curves with poor phase coverage. Although the calibrating sample of T2Cs has very good phase coverage in both I and K s -band, we adopt the same phasing strategy to avoid any complications. We first fit light curves with a fourth-order Fourier series and determine the phase corresponding to mean magnitude along the rising branch. We normalize the light curves to zero mean and unity amplitude and merge those within an adopted period bin. We then adopt a seventh-order Fourier series as the optimum fit, following previous work on templates by Soszyński et al. (2005); Inno et al. (2015) . The residuals from these fits follow a normal distribution and we recursively remove 3σ outliers to increase the robustness of our results. The merged light curves and the Fourier series fits are displayed in Fig. 3 , while the Fourier coefficients are listed in Table 3 . T 1 , T 2 , .....T 10 represent the merged light curve templates in each bin. Typical standard deviations of the template fits are 0.01 mag and 0.01 in I and K s -band, respectively. It is evident that the progression of the normalized and merged templates in each bin is similar for both bands, although the K s -band templates are based on a significantly smaller number of data points. While the seventh-order series fits result in some wiggles for the K s -band templates, it has no impact on the derived mean magnitudes. For example, the Fourier fits for the T 4 and T 10 sets could have been done at lower order, but we decided to retain the same expansion to facilitate the comparison with I-band templates.
LEAVITT LAWS FOR TYPE II CEPHEIDS
We phase the NIR light curves of T2Cs in the LMC using the OGLE-III values of P and T I,max (Soszyński et al. 2008) . We use the same technique described above to set the zero phase of the light curves to the time of mean light in the rising branch. We fit the templates from Table 3 and solve independently for each amplitude and a possible phase shift in the time of mean light relative to I-band. The amplitudes derived through this procedure show similar trends to those obtained via Fourier fit and no significant phase shifts are seen. Fig. 4 shows representative light curves for each T2C class. Template-fit light curves for all variables in our sample are presented in Fig. 11 . We note that short-period (fainter) objects exhibit larger scatter than long-period (brighter) stars, as expected from photon statistics.
The mean magnitudes are estimated via intensityweighted integration of the best-fit I and K s -band based templates. The standard errors on the mean magnitudes are based on the rms of the fits. The difference in the values obtained from I or K s -band templates is 0.01 mag for P > 8 d and ∼ 0.02 mag for shorter periods. In the case of a few BLH stars, the difference in K s -band exceeds 0.05 mag but since the crowding corrections for most of these objects exceeds 0.2 mag, they will not be used in the final PLR fits. We take the average of both template-fit mean magnitudes as the final value. Table 4 lists the T2C mean magnitudes and uncertainties in each band. The JHK s mean magni- tudes were corrected for extinction using the reddening law of Cardelli et al. (1989) with R V = 3.23 and individual reddening values from the map of Haschke et al. (2011) . The total-to-selective absorption ratios per unit of E(V − I) are R J = 0.69, R H = 0.43 and R K = 0.28 (Bhardwaj et al. 2016b ). We fit PLRs of the following form:
where m λ is the extinction-corrected mean magnitude, λ represents the JHK s bands, a is the slope and b is the zeropoint at P = 10 d. We fit PLRs to the entire sample as well as to subsamples of faint (BLH+WVI) and bright (PWV+RVT) variables, iteratively removing 2σ outliers in all cases. As most of the outliers are likely due to blends or additional crowding effects, they appear on the bright side of the PLRs (see also discussion in Matsunaga et al. 2009; Ripepi et al. 2015) . We adopt this threshold throughout the paper to have a stronger constraint on slopes and zeropoints. Since the samples are small, a higher sigma-clipping threshold marginally changes the slopes (by less than the half of their quoted uncertainties) and the typical increase in the number of stars and the dispersion is less than 10%. Fig. 5 displays the results of the fits, which are also summarized in Table 5 . We also note that a detailed statistical analysis on P-L relations was presented in Paper III to test Classical Cepheid data for non-linearity under various assumptions such as independent identically distributed observations, normality of residuals and homoskedasticity. We also performed White's test (White 1980) for Type II Cepheid sample and found that our data provide evidence of homoskedasticity under 95% confidence interval. Previous studies at optical and NIR wavelengths (see, Soszyński et al. 2008; Matsunaga et al. 2009 ; (2015) . |T | represents the observed value of the tstatistic and p(t) gives the probability of acceptance of the null hypothesis (equal slopes).
Ripepi et al. 2015) have suggested that PWV and RVT stars lie above the PLR defined by the shorter-period BLH and WVI stars. A single PLR fit to our entire sample also gives evidence that WVI stars are mostly found below the regression line, specially in J-band. We use the F -test as described in Paper III, to quantify the statistical significance of non-linearities in the slopes of the PLRs for various subsamples. We find a considerable difference between the PLR slopes for RVTs and BLH+WVI variables when considered separately. However, we find consistent slopes between PWV+RVT stars and BLH+WVI variables. Table 5 summarizes our findings. We note that the PLR dispersions are reduced by 12%, 2% and 3% in JHK s , respectively, when using template-fit instead of Fourier-fit magnitudes.
Comparison with published P-L relations
We compare our PLRs to previous work carried out by Matsunaga et al. 2015). We use the t-test as discussed in Paper II, to compare the slopes given their uncertainties and the dispersion of the underlying relations. The observed t-statistic is compared with theoretical values, calculated from the t-distribution at the 95% confidence interval (see Paper II for details). In brief, the null hypothesis that the two slopes are the same is rejected if the observed t-statistic (|T |) is greater than the theoretical (t) value. Table 6 lists the various slopes and the results of the test-statistic. The probability (p(t)) of the acceptance of null hypothesis is also provided and p(t) < 0.05 suggests that the two slopes under consideration are not equal.
We find that the slope of the J-band PLR for our entire sample is not consistent with those derived by Matsunaga et al. (2009); Ripepi et al. (2015) for T2Cs in the LMC but it is consistent in H and K s -bands. We note that those studies did not consider RVTs since they were found to lie well above the single regression line relative to shorter-period T2Cs at optical wavelengths. This deviation is not significant in our sample in K s -band. The slope of the J-band PLR for BLH+WVI stars is −2.100 ± 0.107, consistent with published work given the uncertainties. The slopes of the LMC PLRs are not consistent with their SMC counterparts in J and K s -bands from Matsunaga et al. We also compare our T2C NIR mean magnitudes with values found in the literature. We find 76 objects in common with Matsunaga et al. (2011) and 62 with (Ripepi et al. 2015) . We note that the former are single-epoch JHK s measurements in the IRSF (Kato et al. 2007 ) system while the latter are mean magnitudes in the VISTA system. We apply the relevant color transformations from IRSF to 2MASS following (Kato et al. 2007 ) and from VISTA to 2MASS as derived by Cambridge Astronomy Survey Unit (2016). Fig. 6 shows the difference in our magnitudes with respect to VISTA and IRSF as a function of color. The K s -band mean magnitudes in this work are consistent with those from VISTA given their uncertainties. The agreement with IRSF is also good except for a few stars with J − K s > 0.7 mag. The J-band magnitudes from our work and IRSF are in good agreement, while a mild trend is seen in H-band.
Near-infrared P-L and P-W relations for OGLE-III sample of Type II Cepheids
We compile JHK s magnitudes for T2Cs in the LMC that also have V I mean magnitudes from OGLE-III. We give preference to our NIR measurements, except for BLH stars in K s -band. If measurements are not available in our database, we use JK s mean mag- nitudes from Ripepi et al. (2015) or phase-corrected single-epoch magnitudes from Matsunaga et al. (2011) as the lowest-priority source. We thus obtain NIR magnitudes in at least one band for 197 out of the 203 OGLE T2Cs in the LMC. All measurements are transformed into the 2MASS system. We derive PLRs for each class of variable following Eqn. 1 as well as relations based on "Wesenheit" (Madore 1982) magnitudes:
where m λ is the mean magnitude in one of V IJHK s and λ 1 > λ 2 . We use the Cardelli et al. (1989) reddening law and assume a value of total-to-selective absorption of R V = 3.23. The resulting absorption ratios in other bands are: R Table 7 .
The PWRs formed as a combination of I-band and one of J, H or K s -band exhibit a smaller dispersion than other NIR relations. Similarly, W J,Ks displays a significantly smaller dispersion than W J,H and W H,Ks , presumably due to the dominant sample of template-fit mean magnitudes in J and K s -band instead of the phase-corrected single-epoch magnitudes in H-band. We compare the PWR slopes with those of Ripepi et al. (2015) and find a consistent value for W V,Ks , while our value for W V,J is marginally steeper. However, we note that the Ripepi et al. (2015) results are based on a single regression fit to BLH+WVI vari- ables and those are consistent with our results for the same subsample. The short-period T2Cs reside in the same instability strip that extends a few magnitudes above the horizontal branch and includes RR Lyraes (RRLs; Sandage & Tammann 2006) . It has been suggested that RRLs follow the same PLRs as short period T2Cs (Sollima et al. 2006; Feast et al. 2008 ; Ripepi et al. Borissova et al. (2009); Muraveva et al. (2015) , as shown in Fig. 9 . It can be seen that RRLs nicely follow the PLR of T2Cs, which is shallower than those obeyed by Classical Cepheids. We use trigonometric parallaxes for 2 T2Cs and 5 RRLs in the solar neighborhood, obtained with the Hubble Space Telescope (HST, Benedict et al. 2011) and Gaia (Lindegren et al. 2016) , to calibrate the zeropoint of our PLRs and estimate a distance to the LMC. We also use distance estimates for two T2Cs (V553 Cen and SW Tau) determined via the Baade-Wesselink (B-W) method (Feast et al. 2008) . Table 8 summarizes the distance estimates for all calibrators along with magnitudes and other properties adopted from Feast et al. (2008) ; Benedict et al. (2011) . We include the LKH correction (Lutz & Kelker 1973) and "fundamentalize" the period of first-overtone RRL by adding ∆ log(P ) = 0.127. Lastly, RRL magnitudes are corrected for metallicity effects using the recent P − L Ks − [Fe/H] relation of Muraveva et al. (2015) .
k Pav was classified as a PWV by Feast et al. (2008) , but Benedict et al. (2011) showed that it follows the same PLR as RRLs. The HST and Hipparcos parallaxes of VY Pyx are very dissimilar (6.44±0.23 mas and 5.01± 0.44 mas from Benedict et al. 2011; van Leeuwen 2007, respectively) and yield absolute magnitudes well below the RRL PLR regression line. In contrast, the recent Gaia parallax (3.85 ± 0.28 mas, Lindegren et al. 2016) is in excellent agreement with expectations and is therefore used in our analysis. We note that Benedict et al. (2011) provided two parallaxes for the RRL RZ Cep; we adopt π = 2.54 ± 0.19 mas since the other choice makes it an outlier in the PLR.
We fix the slope of the K s -band PLR to the value derived from our LMC photometry ("all" in Table 5 ) and solve for the difference between the intercept of the Galactic and LMC relations which have absolute and apparent magnitudes, respectively. We thus obtain three estimates of the distance modulus of the LMC based the weighted averages of: (1) the parallaxes of two T2Cs, (2) the parallaxes of five RRLs, and the B-W distances of two T2Cs. The results, listed in Table 9 , are in good agreement with the estimates based on late-type eclipsing binaries (18.493 ± 0.048 mag, Pietrzyński et al. 2013) . These values are also consistent with recent studies (Monson et al. 2012; de Grijs et al. 2014 ) and the estimate of 18.47 ± 0.07 mag by Bhardwaj et al. (2016b) using the photometry of Classical Cepheids from Paper I. The error budget includes estimates of uncertainties due to: (1) photometry and extinction corrections (0.05 mag); (2) metallicity corrections, given the uncertainties in [Fe/H] from Benedict et al. (2011) and the metallicity correction coefficient uncertainty of 0.07 mag/dex from Muraveva et al. (2015) ; (3) parallaxes; (4) slope and zeropoint of PLRs. The overall uncertainties are constrained by the inverse weighted variance of the calibrators and the standard deviation of the mean added in quadrature. We note that the LMC distance modulus based on B-W distances is smaller than those based on trigonometric parallaxes, similar to the results of Feast et al. (2008) . Therefore, we calculate a mean distance modulus to the LMC based only on the two independent calibrations that rely on parallaxes: µ = 18.54 ± 0.08 mag. the results since the light curves are neither sinusoidal nor fairly well sampled. Therefore, we use our templates to fit their data and obtain robust mean magnitudes. The resulting light curves are displayed in Fig. 12 , while the mean magnitudes are listed in Table 10. In order to obtain distance estimates to these globular clusters, we perform an absolute calibration of the LMC PLRs using the distance modulus derived by Pietrzyński et al. (2013) using late-type eclipsing binaries, µ = 18.493 ± 0.048 mag. This estimate is significantly more precise and accurate than the one we obtained in § 4.3 using a few trigonometric parallaxes and was also adopted in Papers I and II to calibrate the Classical Cepheid PLRs and PWRs.
We correct the Galactic globular cluster photometry for interstellar extinction using the tabulated E(B − V ) values and the Cardelli et al. (1989) extinction law. We Note-E BV = E(B − V ). use the absolute calibration of the LMC PLRs to determine distances to each T2C in Table 10 and compute weighted averages for clusters with more than one variable. The error budget includes uncertainties in: (1) mean magnitudes derived from template fits, (2) absolute calibration and (3) eclipsing binary distance to the LMC, added in quadrature. The results are presented in Table 11 , along with the estimates by Matsunaga et al. (2006) , who used the M V − [Fe/H] relation. The bottom panel of Fig. 10 shows the difference between the two approaches; the distances are in agreement within 2σ in almost all cases.
CONCLUSIONS
We summarize the results of this work as follows:
• We present time-series observations of 81 Type II Cepheids in the LMC at JHK s wavelengths, based on the survey of Macri et al. (2015) . The JK s data complements the photometry from the VMC survey (Ripepi et al. 2015) while the H-band timeseries observations are presented for the first-time.
We develop templates using high-quality and wellsampled light curves of variables in the LMC (observed in I-band by OGLE) and the Galactic Bulge (observed in K s -band by VVV).
• We derive robust mean magnitudes based on template fits and obtain Period-Luminosity relations for each class of variable. Our relations are consistent with published work based on variables in the LMC, Galactic globular clusters and the Galactic bulge.
• We compile near-infrared magnitudes for the entire sample of OGLE-III Type II Cepheids and derive new Period-Wesenheit relations by combining optical and near-infrared data. The slopes of the W V,Ks and W V,J relations are consistent with the findings of Ripepi et al. (2015) ; in the latter case, when the comparison is restricted to BL Herculis and W Virginis stars.
• We use the Gaia DR1 parallax for VY Pyx and the HST parallaxes for k Pav and 5 RR Lyrae variables to obtain an absolute calibration of the zeropoint of the P-L relations. This yields an estimate of the LMC distance modulus of µ LMC = 18.54 ± 0.08 mag, in very good agreement with the more accurate and precise estimate by Pietrzyński et al. (2013) . Our estimate is also consistent with recent results based on Classical Cepheids (Monson et al. 2012; Bhardwaj et al. 2016b ).
• We update the mean magnitudes for Type II Cepheids in 26 Galactic globular clusters using our light curve templates and estimate distances to these systems. Our findings are in good agreement with estimates based on horizontal branch stars by Matsunaga et al. (2006) .
APPENDIX

A. TEMPLATE-FIT LIGHT CURVES
The three panels of Figure 11 present the result of template fits to the JHK s light curves of Type II Cepheids in the LMC based on data from Macri et al. (2015) . Figure 12 shows the same, but for variables in Galactic globular clusters based on data from Matsunaga et al. (2006) . Stars are arranged by decreasing period. The J (blue) and K s -band (red) light curves have been offset by +0.25 and -0.5 mag for visualization purposes. H-band light curves are shown in violet color. The solid and dashed lines represent the best-fit I-and K s -band based templates for each band. The star "ID" and "Period (in days)" are also provided on the top of each light curve.
The template-fits are performed using least-square minimization in IDL MPCURVEFIT routine. Templates can be used to JHK s light curves with poor phase coverage in order to obtain robust mean-magnitudes. In case of single-epoch observations, accurate amplitude ratios for Type II Cepheids will be required to best-fit observations. For short-period Type II Cepheids, light curves exhibit large scatter with respect to the template-fits, which provide a robust estimate of the uncertainty associated with mean magnitudes. 
